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By R. F a b i a n  Goranson 

SUMMAR? 

An a n a l y t i c a l  s t u d p  has been  made o f  t h e  i n f l u e n c e  
of  f u l l - s p a n  s l o t t e d  a n d  Fowler f l a p s  on t h e  r e q u i r e -  
men t s  f o r  h o r i z o n t a l  t a i l  s u r f a c e s .  The i n d i v i d u a l  
and combined e f f e c t  of  c h a a g e s  i n  t a i l  a r e a  a n d  a s p e c t  
r a t i o  have  been  c o n s i d e r e d .  

E l e v a . t o r  d e f l e c t i o n  r e q u i r e d  t o  l a n d  a t  t h r e e -  
p o i n t  a t t i t u d e ,  e l e v a t o r  d e f l e c t i o n  r e q u i r e d  t o  s t a l l  t h e  
a i r p l a n e  et a l t i t u d e ,  and p e r m i s s i b l e  c e n t e r - o f - g r a v i t y  
r a n g e  have been  c a l c u l a t s d  f o r  ;t f i g h t e r - t y p e  a i r p l e n s  
and  t h e  r e s u l t s  a r e  p r e s e n t e d  . i n  t a b u l a r  forrc. 

The r e s u l t s  show t h a t  a modera t e  i n c r e a s e  i n  t a i l  
volume w i l l  s a t i s f y  t h e  dcmmds o f  f l a p s  ( s u c h  o s  t h e  
s l o t t e d  t y p e )  which g i v e  modera t e  l i f t  a n d  p i t c h i n g -  
moment incrcmen t s ,  bu t  when a l a r g e  p e r r n i s s i  b l e  c e n t e r -  
o f - g r a v i t y  r a n g e  i s  d c s i r e d  w i t h  t h e s e  f l a p s  o r  i f  f l a p s  
which  g i v e  l a r g e  l i f t  and pi tching-moment  i n c r c n e n t s  
( s u c h  as t h e  F o w l e r  f l a p )  a r e  u s e d ,  t h e  p r o v i s i o n  o f  
an a d j u s t a b l e  s t a b i l i z e r  i s  mands to ry  i f  a b n o r m a l l y  
l a r g e  t a i l  s u r f z c e s  Eire t o  b c  a v o i d e d .  

I?Y'TRODUCT I O N  

A t  t h e  r e q u e s t  o f  t h e  Burezu  of A e r o n a u t i c s ,  Navy 
D e p a r t m e n t ,  a n  a n a l y t i c a l  s t u d y  h a s  been  made of t h e  
i n f l u e n c e  o f  f u l l - s p a n  f l a p s  o n  t h e  r e q u i r e m e n t s  f o r  
h o r i z o n t a l  t a i l  s u r f a c e s .  The b a s i c  d i m e n s i o n s  of  a 
t g p i c s r l  f i g h t e r - t y p e  a i r p l s n e  were  u s e d  as a b a s i s  f o r  
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c a l c u l a t i n g  t h e  e f f e d t s  of ' v a r i a t i o n s  i n  t a i l  l e n g t h ,  
t a i l  a r e a ,  and  t a i l  a s p e c t  r a t i o  on t h e  l o n g i t u d f n n l  
c h a r a c t e r i s t i c s  o 3 t a i n o d  w i t h  f u l l - s p a n  s l o t t e O  a n d  
Fowler  flaps. 

METEOD OF CALCULATION 

The c a l z u l a t i o n s  a r e  b a s e d  on t h e  method o u t l i n e d  
i n  r e f e r e n c e  1. I t  w a s  p o s s i b l e ,  when r e f e r e n c e  2 be- 
came a v a i l a b l e ,  t o  c x t e ? d  t h e  n e t h o d  of r e f e r e n c e  1 
t o  t h e  c a l c u l a t i o n  of e l e v a t o r  d e f l e c t i o n s  r e q u i r e d  
f o r  l a n d i n g .  

The d i m e n s i o n s  of  t h e  a i r p l a n e  on which t h e  c a l c u -  
l a t i o n s  a r e  b a s e d  a r e  l i s t e d  i n  t a b l e  I. A l s o  l i s t e d  
8 r e  the  d i n e n s i o n s  of t h e  tail m o d i f i c a t i o n s  i n v e s t i -  
g a t e d  w i t h  t h e  v a r i o u s  f l a p  n r r a n g a m e n t s ,  

The c h s r a c t e r i s t i c s  of  t h e  f l a p s  were t a k e n  f rom 
r e f e r e n c e s  3 and 4 f o r  a 0 .25-chord  s l o t t e d  f l a p  a n d  
a 0.25-chord  Pvwle r  f l a p ,  r e s p e c t i v e l y .  The mnximun 
d e f l e c t i o n  of b o t h  f l a p s  vas assumed t o  be  40°. 

The n n g l e  o f  i i i c i d o n c e  of t h e  s t a b i l i z e r  was 
a s s u n e d  t o  b e  0 0  e x c e p t  i n  t h e  c a s e  o f  t h e  u n m o d i f i e d  
a i r p l z n e  w i t h  t h e  flaps r e t r a c t e d ,  where  t h e  o r i g i n a l  
s e t t i n g  o f  1%O was u s e d .  Changes i n  t a i l  l e n g t h  
were  o b t a i n e d  by c h a p g i n g  t h e  d i s t a n c e  f rom t h e  quP, r tc r -  
chord  p o i n t  o f  t h e  wicg r o o t ,  r a t h e r  t h a n  f rom t h e  c e n t e r  
of g r a v i t y ,  i n  o r d e r  t o  f i x  t h e  r e f e r e n c e  p o i n t .  

DZFIHITIOI I  OF SYMBOLS 

d6 , / d a  r a t e  of chnnge  o f  e l e v a t o r  a n g l e  w i t h  a n g l e  
of a t t a c k  

x d i s t a n c e  f rom r o o t  q u a r t e r - c h o r d  p o i n t  t o '  
e l e v a t o r  h i n g e  l i n e ,  measu red  p a r a l l e l  t o  
t h r u s t  l i n e  

S t  t o t a l  h o r i z o n t a l - t a i l  a r e a  

2 , spec t  r c t i o  o f  t a i l  A t  
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bt  t a i l  spen  

8, e l c j v a t o r  a n g l e ,  p o s i t i v e  when t r a i l i n g  edge  
i s  b e l  ow n e u t r a l  p o s i t i o n  

6 e l o v a t o r  a n g l e  r e q u i r e d  t o  s t a l l  t h e  a i r p l a n e  
es t211  r! t a 1 t i t u d e 

c l e v c t o r  a n g l e  r e q u i r e d  t o  l a n d  r?t t h r e e -  
6eln.Ild p o i n t  n t t  i t n d e  

a n g l e  o f  i n c i d e n c e  of s t a 3 i l i z e r  r e l a t i v e  
t o  t h r u s t  l i n e ,  p o s i t i v e  when l e a d i n g  e d g e  
i s  h i g h e r  t h a n  t r a i l i n g  e d g e  

i t  

maximum wing l i f t  c o e f f i c i e n t  a t  wh ich  t a i l  
s t a l l i n g  o c c u r s  c L s  tEl l  

c S  r o o t  wing  c h o r d  

RESULTS AXD DISCUSSiOlT 

The r e s u l t s  o f  t h e  c a l c u l a t i o n s  a r e  l i s t e d  i n  t a b l e  
11. The d a t a  f o r  onch  c o s f i g u r a t i o n  crs d i v i d e d  i n t o  
f o u r  vartical g r o u p i n g s  n s  follows: 

1. L i n e  d rawing  o f  n i r p l . m e  t o g e t h e r  w i t h  b a s i c  
d i m e n s i o n s  

2. S t a b i l i t y  3.nd c o n t r o l  c h a r a c t e r i s t i c s  w i t h  
flaps r e t r a c t e d  

3. S t a S i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  w i t h  
s l o t t e d  flap 

4. S t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  w i t h  
F o w l e r  f l a p  

The s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  m e  
p r e s e n t e d  f o r  t he l i m i t i n g  c e n t e r - o f  - g r a v i t y  pos i t  i o n s  
aq d e t e r m i n e d  by t h e  v a l u e s  o f  t h e s e  c h a r a c t e r i s t i c s  
n e c e s s a r y  f o r  a c c o p t a b l c  f l y i n g  q u a l i t i e s .  The h o r i -  
z o n t a l  r o w s  o f  t h e  t a b l e  p r e s e n t ,  d2"tn f o r  t h e  
f o l l o w i n g  c a n t e r - o f  - g r a v i t y  p o s i t i o n s :  
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1. Most r e a r w a r d  c e n t e r - o f - g r a v i t y  p o s i t i o n  
a l l o w a b l e  t o  m a i n t a i n  p a s s a b l e  l o n g i t u d i n a l  s t a b i l i t y  
w i t h  f l e p s  up  ( A  v a l u e  of d 6 e / d a  o f  0 .18 was t a k e n  
as  a miriimun l i m i t . )  

2. A n  a r b i t r a r i l y  f i x e d  c e n t e r  o f  g r a v i t y  a t  28.5 
p e r c e n t  rriean ae rodynamic  c h o r d  t o  p r o v i d e  a r e a d y  COIL- 

p a r i s o n  o f  t h e  e f f e c t i v e n e s s  o f  t h e  v a r i o u s  c h a n g e s  

3. Tile most f o r w a r d  c e n t e r  of g r a v i t y  as l i m i t e d  
by t h e  power of a 3 0 0  elevator d e f l e c t i o n  t o  m a i n t a i n  
t h r e e - p o i n t  a t t i t u d e  d u r i n g  ??xiding w i t h  t h e  s t a b i l i z e r  
f i x e d  n t  ze2o i n c i d e n . = a .  

4. The most f o r w a r d  c e n t e r  o f  g r a v i t y  a s  l i m i t e d  
by i t e m  3 if  t h e  s t a b i l i z e r  were  a d j u s t n b l c !  t o  a -so 
i n c i d e n c e  f o r  l a n d i n g  

The e l e v s t o r  a n g l e s  l i s t e d  i n  t a b l e  I 1  f o r  t h e  
l a n d i n g  c o n d i t i o n  f r e q u e n t l y  c x c e e d  -30'. 
w e r e  conputed on t h e  a s s u m p t i o n  t h a t  t h e  e l e v a t o r  e f f c c -  
t i v e n e s s  was c o n s t a n t  o v e r  an u n l i a i t e d  r a n g e  of  d e f l e c -  
t i o n .  A l t h o u g h  t h i s  assum;?t ion i s  o b v i o u s l y  i n c o r r e c t  
f o r  l a rg i !  d e f l e c t i o n s ,  t h e  a E g l e s  shown i n d i c a t e  where  and 
by how rr.uc!i t h e  e l e v a t o r  r e q u i r e m a n t  i s  e x c e e d e d .  

Theac  :cngles 

The t a b u l a t e d .  d a t a  may be summar ized  as f o l l o w s :  

1. T h o  c r i t i c a l  o l e v a t o r  r e q u i r e m e n t  i n  e v e r y  
c a s e  i s  t h e  d e f l z c t i o n  n e c c s s a r y  t o  m a i n t a i n  t h r e e -  
p o i n t  a t t i t u d e  i n  l a n d i n g .  

2. Th.j p r i n c i p a l  e f f e c t  o f  i n c r e a s e d  e f f e c t i v e  
t a i l  volume i s  t o  p e r m i t  a more r e a r w a r d  p o s i t i o n  of 
t h e  c e n t a r  o f  g r a v i t y  ( w i t h o u t  i n e  t a b i l i t y  !?rhen f l ~ p s  
a r e  r e t r a c t e d ) ,  t h u s  d e c r e a s i n g  t h o  c l u v c t o r  d e f l e c t i o n  
r e q u i r e d  T o r  t h r e e - p o i n t  l a n d i n g .  

3. S a t i s f a c t a r y  c h a r a c t e r i s  t i c s  w i t h  t h e  f u l l - s p a n  
s l o t t e d  f l a p  would e x i s t  w i t h i n  t h e  f o l l o w i n g  l i m i t s  of 
c e n t e r - o f - g r a v i t y  p o s i t i o n s :  
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-----I___ 

C o n f i g u r a t i o n  
N ( S e e  t a b l e  11.) 
CT 

J ---I----- I 

[The t a i l - v o l u m e  r a t i o  i s  t h e  r a t i o  of t h e  tail 
volume t o  t h a t  o f  t h e  o r i g i n a l  a i r p l a n e ]  

-- 
C e n t e r - o f - g r L v i t y  r a g e  f ' o r  s a t i s -  

f a c t o r y  s t a b i l i t y  and c o n t r o l ,  
per c e n t  M . A .  C . 

I 

T a i l -  
v o l u a e  
r a t i o  

' -5' a d j u s t a b l e  T a i l  I 
s t a b i l i z e r  a s p e c t  F i x e d  s t a b i l i z e r  

r a t i o  
- l - - - l - - - Y  i 

3 .81 
5.0 
3 .81  
5.0 
3.81. 
5.0 
3.81 
5.0 

A 
B 
C 
D 
E 
F 
G 
H 

T a i l -  
v o l u n e  

r a t i o  

1.0 . 
1.0 
1.25 
1.19 
1.25 
1.25 1 1.56  
1 , 4 9  

T a i l  I 
r a t i o  

a s p e c t  F i x e d  s t a b i l i z e r  -5' a d j u s t a b l e  
s t a b i l  i z e F  

3.81 
1.25 5.0 
1.56 3.01 
1.49 5 . 0  

Koca 
30.1 - 30.1 
29.1 - 31.0 
30.3 - 31,3 
29.4 - 33.5 
23.5  - 35.0 

28.6 - 32.5 

28.5 - 36.5 

None - do - - d o  - 
- d o  - - d o  - 
- do - 

3209 - 35.0 
32.2 - 36.5 

25.7 - 28.5 
24.0  - 30 .1  
23.2 - 31.0 
22.9 - 32.5 
24.1 - 31.3 
22.2 - 33.5 
21.1 - 35.0 
19 .4  - 36.5 

4. S a t i s f a c t o r y  c h z r a c t e r i s t i c s  w i t h  t h e  f u l l -  
s p a n  Foviler flap would exist w i t h i n  t h e  f o l l o w i n g  
c e n t e r - o f - g r a v i t y  l i m i t s :  

.' 

C a n f i g u r a t i o n  b e n t e r - o f - g r a v i t y  r e n g e  for sa t i s -  
f a c t o r y  s t a b i l i t y  and c o n t r o l ,  I p e r c e n t  M.A.C. 

( S e e  t a b i e  11.) 

A 
B 
C 
D 
E 
F 
G 
H - 

Kone 
30.1 - 30 .1  
25 .2  - 31.0 
27.5 - 32.5  
2 9 . 8  - 3 1 . 3  
27,5 - 33.5 
26.6 - 35.0 
24.7 - 36.5 
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5. T a i l  s t a l l i n g  w i l l  o c c u r  a t  f a i r l y  l o w  speeds 
when f l a p s  a r e  f u l l y  d e f l e c t e d  w i t h  t h e  s t a b i l i z e r  ad- 
j u s t e d  t o  n?axic;um negatiT.re i n c i d e n c e .  The a d J u s t a b l e  
s t a b i l i z e r ,  h o w e v e r ,  i s  o e c e s s a r y  o n l y  t o  p e r m i t  t h e  
t h r e e - p o i n t  a t t i t u d e  d u r i n g  l a n d i n g ;  t h e  a i r p l a n e  c a n  
be s t a l l e d  2 t  a . l t i t u d e ,  f l a y s  e x t e n d e d ,  w i t h  r e a s o n a b l e  
e l e v a t o r  d e f l e c t i o n ,  a n d  w i t h o u t  t a i l  s t a l l i n g  w i t h  
t h e  sta.! , l l iz. .r  n e u t r a l .  

The p r e s e n t  s t u d y  W C L S  c h i e f l y  c o n c z r n e d  w i t h  t h e  
r e q n i r s r n e n t s  o f  h o r i z o n t z l - t a i l  s i z e  and t a i l  l e n g t h  
f o r  p r o v i d i n g ' s c f f i c i e n t  c o n t r o l  power and  s t a b i l i t y .  
The s e r o d y n a n i c  b n l a n s e  r o q u i r e d  of t h e  c o n t r o l  s u r f n c o s  
f o r  s a t i s f a c t o r y  c o n t r o l  f o r c e s  i s  o b v i o u s l y  i n c r e a s e d  
o v e r  t h a t  r e q u i r e d  of t h e  u n D o d i f i e d  a i r p l a n e ,  p a r t i c -  
u l a r l y  f o r  t_ie m a n e u v e r i n c  c o n d i t i o n  of f l i g h t  w i t h  t h e  
l a r g e  t a i l  a r e a s  shown. 

A s  a L a t t e r  o f  i n t e r e s t ,  t h e  maximum l i f t  c o e f f i -  
c i e n t s  o b t a i n a b l e  w i t h  t h e  v a r i o u s  t a i l  c o n f i g u r a t i o n s  , 

were  c a l c u l a t e d  by  t h e  method of  r e f e r e n c e  5 a n 6  c o r -  
r e c t e d  for t h e  t a i l  l o a d  r e q u i r e d  a t  the? n o s t  f o r w a r d  
a l l o w a b l e  c e a t e r - o f - g r a v i t y  p o s i t i o n s .  The ground e f f e c t ,  
which u n p u b l i c h e d  da t a  inc7 . i ca t e  may c a u s e  a r e a u c t i o n  
i n  uajtirnum l i f t  c o G f f i c i e n t ,  h a s  been n e g l c c t e d  i n  t k e s e  
c a l c u l a t i o n s .  Tho r e s u l t s  ar2 p r e s o n t c d  i n  t h e  f o l l o w -  
i n g  t a b l e :  

Maxirnum l i f t  c o e f f i c i e n t  

C o n f i g u r a t i o n  

( S e e  t a b i c  11.) 

T a i  1- 
volume 
r a t i o  

1.0 
1.0 
.1.25 
1 . 1 9  

'1 .25  
1.25 
1.56 
1.49 

'?ai 1 
a s p e c t  
r a t i o  

3.81 
5.0 
3 . 8 1  
5 .0  
3 . 8 1  
5 . 0  
3.81 
5.0 

---- 
Fixed 

s t a b i l i z e r  

S l o t t e d  
f l a p  

---- 
2.55 
2.54 
2.53 
2.56 
2.56 
2 .55  
2.55 

A d j u s t a b l e  
s t n b i l  i z e r  

S l o t t e d  
f l a p  

-- 
2.52 
2.48 
2.48 
2.47 
2.50 
2.49 
2.48 
2.47 

F o :*I I c r 
f I n p  

-___ 
---- 
2.83 

2 . 8 G  
2 . 8 6  ' 

2 . 8 6  
2 . 8 3  
2.81 

2 . 8 2  
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c OPCLIJ  s I ox s 

On t h e  b e s i s  o f  t h i s  stixdy i t  may be c o n c l u d e d  
t h a t  t h e  u s e  of f u l l - s p a n  f l a p s  g r e a t l y  i n c r e a s e s  t h e  
i ienands made o n  t h e  h o r i z o n t a l  t a i l .  'uii th f l s p  t y p e s  
g i v i n g  n o d e r e t e  l i f t  and pi tch ing-moment  i n c r e m e n t s  
( s u c h  as t h e  s l o t t e d  f l a p )  i t  a p p e a r s  p r a c t i c a b l e  t o  
t a k e  c 3 r e  o f  t h e  i n c r e a s e d  t a i l  r e q u i r e m e n t s  s i m p l y  
by a n  i n c r e a s e  i n  t a i l  volume o v e r  t h a t  c o n v e n t i o n a l i y  
u s e d .  V i t h  f u l l - s p a n  f l a p s  g i v i n g  l a r g e  l i f t  and 
p i tch ing-moment  i n c r e m e n t s  ( s u c h  a s  Fowler  f l a p s )  o r  
w i t h  f l a p  t y p e s  g i v i n g  n o d e r a t e  l i f t  and  p i t c h i n g -  
moment i n c r e m e n t s  when l s r g e  p e r n i s s i b l e  c e n t e r - o f -  
g r a v i t y  v a r i a t i o n s  a r e  d e s i r e d ,  t h e  p r o v i s i o n s  of a n  
a d j u s t a b l e  s t a b i l i z e r  a T p o a r s  mandatory  u n l e s s  t a i l  
volumes f e r  g r e a t e r  t h a n  t h o s e  i i o r ~ a l l ~ ~  r e q r r i r e d  are 
used .  
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